Pyknotic cell death induced by Clostridium difficile TcdB: chromatin condensation and nuclear blister are induced independently of the glucosyltransferase activity.
TcdA and TcdB are the main pathogenicity factors of Clostridium difficile-associated diseases. Both toxins inhibit Rho GTPases, and consequently, apoptosis is induced in the affected cells. We found that TcdB at higher concentrations exhibits cytotoxic effects that are independent on Rho glucosylation. TcdB and the glucosyltransferase-deficient mutant TcdB D286/288N induced pyknotic cell death which was associated with chromatin condensation and reduced H3 phosphorylation. Affected cells showed ballooning of the nuclear envelope and loss of the integrity of the plasma membrane. Furthermore, pyknotic cells were positively stained with dihydroethidium indicating production of reactive oxygen species. In line with this, pyknosis was reduced by apocynin, an inhibitor of the NADPH oxidase. Bafilomycin A1 prevented cytotoxic effects showing that the newly observed pyknosis depends on intracellular action of TcdB rather than on a receptor-mediated effect. Blister formation and chromatin condensation was specifically induced by the glucosyltransferase domain of TcdB from strain VPI10473 since neither TcdBF from cdi1470 nor the chimera of TcdB harbouring the glucosyltransferase domain of TcdBF was able to induce these effects. In summary, TcdB induces two different and independent phenotypes: (i) cell rounding due to glucosylation of Rho GTPases and (ii) shrinkage of cells and nuclear blister induced by the high concentrations of TcdB independent of Rho glucosylation.